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ABSTRACT-An assessment was carried out herein to study the eccentricity of cracks subjected to mixed-mode loadings. 
Several loading locations relative to a central line were selected to induce mixed-mode loadings, which were comvuted us in^ 
a fmte element method. An adaptive meshing technique was adopted during the simulation of'crackpropagation to ensure the 
singularity of stress at the tip of the crack. The stress intensity failure criterion was nsed and progammed, and the node 
splitting technique was nsed when the stress intensity factor reached the fracture toughness of the material to simulate crack 
propagations. It was found that large variations m the stress intensity factor were observed when off-set cracks were used, and 
that K,, decreased when loading distance inmeased, hut increased when the off-set crack distance was increased. Both crack 
eccentricity and loading distance played important roles in producing mixed-mode loading, compared to the influence of 
central cracks. Correction factors were introduced to m o w  the calculation of stress intensity factors under mixed-mode 
loadings. Sunulations of nack propagation were also conducted to study the effects of crack eccentricities and loading 
distances. It was found that the crack length, the loading distance relative to the central crack and the mck eccentricity 
dominated calculations of the integrity of cracked structures. 
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The complexity of modem engineaing designs demands 
reliable structural integrity, even in the presence of man-made 
defects such as holes or cross-sectional changes (Jun et al., 
2008; Baek et al, 2008). These defects are capable of inducing 
for a concentration of stress that may lead to crack initiations 
and potentially fail catastrophically. According to the present 
design practice guidelines available in (Mumlami, 1987), the 
calculation of s e s s  intensity factors for any cracked strucbx~ 
is based on the symmetrical loading of a crack, which is 
. . .  . 
asu-nfcticeL 
however, cracks are normally situated off-axis from tbe 
central line. 
Tne problem of crack eccentricity may not be directly 
treated by the standard crack configuration, as there are more 
than two combinations of loadings. For example, a beam 
subjected to four point bendng moments is subjected to 
mixed-mode K, and K, stress intensity factors. There are 
several well establishedmethods used to produce mixed-mode 
loadings, and these methods are summarized in (Mendelsohn 
et al., 2001). These include the Iosipescu arrangement 
(losipescu, 19671, the Brazilian compressive disk test (Shetty 
et al., 1986), a rotated and rnodh5ed compact tension method 
*Corresponding author e-mail: emran@uthm.edu.my 
for pure mode ll (Gross et aL, 1986), two 6xturelspecirnen 
designs with crach at variable inclinations to the tensile load 
axis (Bankr-Sills et al., 1984) and various bended specimens 
loaded asymmetrically, mostly at four points with variable 
crack location to control the mode mixture (Jen et al., 1997). 
Choi et aL (2005) experimentally tested ceramic materials 
under mired-mode loadings using asymmetric fon-point 
flexure, and stated that the empirical mixed-mode fracture 
criterion was best described as the hechue behavior under 
mixed-mode loading, and that the minimum strain energy 
density criterion was an appropriate approach to desaibe 
& p r o p a g J u n e t n f o n n a t i o n  on 
the ability of the frachue criteria to predict material fractures, 
and proposed a general fracture criterion based on the concept 
of maximum potential energy release rate. The developed 
criterion was found to be in agreement with experimental 
results. Yongming and Sankaran (2007) also developed a 
criterion to predict failure, and showed that their model was in 
excellent agreement with the experimental data They also 
extended the criterion to predict the crack propagation rate 
when the crack is subjected to mixed-mode loading. To 
determine the accuracy of their mixed-mode predictions, 
comection factors were introduced to compensate for 
discrepancies in mixed-mode loading. The procedure for 
applying correction factm was presented in (He and 
Hutchinson, 2000), and applied to fabricated materials by 
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0.40 5. CONCLUSIONS 
@ In this work, numerical simulations were conducted to 
' 0.30 - m . o  examine the behavior of cracked structures, in particular 
,g csiW=o.~ loaded beams with mixed-mode loadings. Three important 
5 aspects were considered: crack lengths, crack eccenhicities e 020 
9 
.- 
and loading distances from the midline. Several conclusions 
2 z can be drawn: 
.- % 0.10 (1) The developed mathematical model was successfully 
used to determine stress intensity factors (K, and K,,) 
and simulate static crack propagation in high-strength 
0.00 steel beams under mixed-mode loadings. 
0.~0 0.10 0.50 0~60 0.m 0.80 (2) Computational analysis was carried out for variable off-set 
c-ack gmwtb r r k ,  deItn(n>,V' crach and loading distances. Crack eccentricity played an 
Figure 17. Effect of Da/W on the Kfi,, ratio for different d/W 
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sack #oWm ratio. ddiuid/IP 
impoaant role in reducing the K, value, and therefore, 
correction factors were introduced to compensate for 
variations in the stress intensity factor. 
(3) The loading distance relative to the central crack was 
found to reduce K,. However, no relationship in the 
decrease as a function of a/W was noted. 
(4) The results of the simulations confirmed the existence 
of the K,[ stress intensity factor when the cracks were 
offset from the midline and the loading distance was 
increased. The crack propagation simulation revealed 
that a dominant K,, factor around the crack tip produces 
an inclined crack at an angle with respect to the vertical 
line. 
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